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© An easily controllable method to adjust the die 
slot 44 exit 46 gap to produce an accurately con- 
trolled flow from the slot exit across the width of a 
die 30 provides movable back seats 40 at the back 
of the die that cause the front and back portions of 
the die plates to move simultaneously to produce a 
change in the die slot exit gap. At least one actuator 
56 is located between the front and back seats 38, 
40 of the die to increase or reduce its length to bend 
the first plate 34, 36 around the front seat 38 thereby 
to increase or decrease the first exit gap. 
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TECHNICAL FIELD 

This invention relates to dies for sheet or film 
making from a flowable material and to coating 
dies for forming continuous coatings on substrates. 
More particularly, this invention relates to a method 
of controlling the profile across the die width. 

BACKGROUND OF THE INVENTION 



Extrusion dies form a flowable material, such 
as a thermoplastic melt, a solvent solution, an 
emulsion, a radiation curable oligomer and the like, 
into an unsupported sheet, film, or web. In a com- 
mon application in the plastics industry, a molten, 
pressurized stream of a thermoplastic material is 
moved into an inlet, through an internal distributing 
cavity, and discharged from an exiting slot to form 
a ribbon of material which is solidified to continu- 
ously form a sheet, film, or web which can be 
wound into a roll. The extrusion die takes a stream 
of flowable material and spreads it internally to 
form a discharging ribbon with a large width-to- 
thickness ratio. 

Dies can also be used to coat. Coating is the 
process of replacing the gas contacting a sub- 
strate, usually a solid surface such as a web. by a 
layer of fluid. Sometimes, multiple layers of a coat- 
ing are applied on top of each other. Coatings may 
also be applied to substrates other than continuous 
webs such as discrete parts or sheets cut from a 
web which are passed singularly or in arrays 
through the coating station. After the deposition of 
a coating, it can remain a fluid such as in the 
application of lubricating oil to metal in metal coil 
processing or the application of chemical reactants 
to activate or chemically transform a substrate sur- 
face. Alternatively, the coating can be dried if it 
contains a volatile fluid to leave behind a solid coat 
such as a paint, or can be cured or in some other 
way solidified to a functional coating such as a 
release coating to which a pressure sensitive adhe- 
sive will not aggressively stick. 

It is known to provide dies with various manual 
mechanical, thermomechanical, piezomechanical, 
magnetostrictive, or motor driven actuators for 
moving the die lips to provide control of the film, 
sheet, or coating thickness. This control is pro- 
duced by controlling the local flow rate of fluid 
exiting across the width of the die from the slot exit 
of the discharge slot at the external surface of the 
die body by adjusting the exit gap. It is known, as 
shown in Figure 1, to use a plurality of spaced 
actuators (not shown) along the movable part of the 
top die lip across the die width. Each actuator can 
be adjusted individually to apply an individual dis- 
placement force (F1.F2.F3 F n ) locally to the 

top lip relative to the opposing fixed bottom lip to 
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control the die slot exit opening. Since at any point 
across the die width the local discharge rate from 
the die exit depends upon the local gap, among 
other factors, the uniformity of flow discharge from 
5 the die exit slot can be controlled across the width. 

Usually, control is accomplished by measuring 
the thickness of the film or coating at various points 
across its width with a thickness gage such as 
beta-ray, X-ray, or light absorption gage. With the 
10 information from such a measurement, an operator 
can manually adjust a bolt type actuator bearing 
against the lip. Alternatively, a control system can 
signal the activation of actuators which bear against 
the lip or which rotate bolts that bear against the 
75 lip. The manual adjustment of die lip flexing bolts 
by an operator requires skill and experience. It has 
been shown that the quality of product extruded or 
coated can be improved by a closed loop control 
system to replace the manual operator adjustment. 
20 U.S. Patent No. 2,938,231 discloses thermally 

expanding and contracting die bolts to slide the lips 
of a thermal plastic extrusion die to control the slot 
exit size. The thermal bolt actuators are directly 
coupled to the die lips. U.S. Patent No. 3,940,221 
25 discloses an improvement which is used in plastic 
film extrusion. It provides for both heating and 
forced cooling on the die lip flexing bolts in con- 
junction with a continuous film caliper system to 
control the extruded film thickness across the width 
30 of the film. The die slot exit control is directly 
controlled by bolts that are directly attached to the 
lip or bear against it. 

U.S. Patent No. 3,122,784 teaches using a plu- 
rality of controlled adjustment motors mechanically 
35 coupled to lip displacement bolts on a web ex- 
trusion die. The motors respond to signals gen- 
erated by a traversing thickness sensor, and con- 
trol signals are generated to drive the motors. U.S. 
Patent No. 3,819,775 discloses a method in which 
40 the die lips are divided into a large number of 
thermally isolated control zones. The extruded 
polymer film thickness profile is controlled by se- 
lectively controlling the die lip section tempera- 
tures. The die lips form the walls of the slot exit so 
45 that their temperature influences the local flow 
properties of the film and the local flow rate exiting 
the die slot. 

U.S. Patent No. 4,514,348 discloses a com- 
bined means for adjusting the die slot exit with a 

50 plurality of bolts attached to the die lip across the 
die width using motor driven bolt rotations for 
coarse adjustment and thermal expansion or con- 
traction of the bolts for fine adjustment. 

U.S. Patent No. 4,594,063 teaches using piezo- 

55 electric or magnetostrictive elements bearing 
against a flexible die lip to adjust the slot exit and 
control an extruded film. 
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U.S. Patent No. 4,871,493 teaches using die lip 
temperature profiling by lip heaters controlled by 
the signals from both the extruded thermoplastic 
temperature and caliper profiles across the die 
width. 

In these known systems, the die slot exit size, 
also called a gap, is changed by acting directly on 
the die lips with an attached actuator or by in- 
fluencing the flow between the die lips by changing 
the lip temperature. These systems are effectively 
used for caliper control in the extrusion of single 
layers. They are also successfully used to control 
the cross web caliper of the coating applied to 
substrates. In these situations, only one die exit is 
present. However, when simultaneous multilayer 
die coating or simultaneous multilayer extrusion is 
desired, multiple die lip pairs and multiple die slot 
exits need to be controlled. Here, the mechanical 
attachment of actuators or heaters becomes dif- 
ficult to practically accomplish when three or more 
coextrusions or simultaneous coatings are desired. 
Designing and constructing dies so that attach- 
ments can be made to at least one lip of the slot 
exits of three or more exits is impractical. 

The use internal choker bars for caliper profile 
adjustment across the width of a die is known in 
thermoplastic extrusion, and the use of internal 
wedges and vanes is described in U.S. Patent No. 
3,464,087 and U.S. Patent No. 4,533,308. While 
these mechanisms are useable on multilayer ex- 
trusion dies, they are mechanically complex, and 
use moveable members that extend into high pres- 
sure fluid regions within the die body, and present 
sealing and leakage problems. Other ways of ad- 
justing the cross width flow profile of multi-slot dies 
are desired. 

With simultaneous multilayer slide curtain coat- 
ing dies as exemplified by U.S. Patent No. 
3,508,947 and as used by the photographic film 
manufacturing industry, the preferred stacked slot 
geometry makes it difficult to build moving ac- 
tuators attached to the lips that change the slot exit 
dimensions. No such designs are known. Currently, 
the uniformity of the coated layers depends on the 
uniformity and precision of making and assembling 
these dies. This often requires time-consuming ul- 
tra-precise, labor intensive final machining by high- 
ly skilled personnel. Another practical consideration 
is that many single layer coating die installations 
have no means for adjusting the cross web coating 
profile on-line in response to a control system. A 
die modification to allow on-line control that can 
easily be adapted to existing dies is desirable. 

In the assembly of single layer dies, it is known 
that differential torquing of the die plate clamping 
bolts may affect the uniformity of the die slot exit. 
The rotation of die bolts to adjust bolt tension 
levels is not very controllable. High normal forces 



at threaded interfaces commonly cause stick-slip 
rotational movements of the bolts. This makes con- 
tinuously variable and small adjustments to bolt 
tension difficult to accomplish reliably. This tech- 
5 nique has not been successfully used for adjust- 
ment of coating profiles during operation. 

SUMMARY OF THE INVENTION 

w This invention is an easily controllable system 

which adjusts the die slot exit gap to produce an 
accurately controlled flow from the slot exit across 
the width of a die. This is accomplished without 
attaching heaters to the die lips and without using 

75 any actuator that bears on or is attached to the die 
lips. Rather, this is accomplished by deforming the 
plates which form the die at a location spaced 
away from the die lips. Seats at the back of the die 
are deformed to cause the front and back portions 

20 of the die plates to move simultaneously to change 
the die slot exit gap. 

The die includes a first plate having a lip and a 
second plate having a lip and contacting the first 
plate at a front seat and a back seat which is 

25 further from the lips than the front seat. The as- 
sembled plates form a first slot through the die 
which terminates at its exit at the first and second 
lips. At least one actuator is located between the 
front and back seats. The actuator can increase or 

30 reduce its length to bend the first plate around the 
front seat thereby to increase or decrease the first 
exit gap. 

A plurality of actuators that are independently 
and non-uniformly operable to produce local 

35 changes in the first exit gap in some limited region 
across the width of the die can be used. The 
actuators can be located in a cutout in the second 
plate formed under the back seat. Alternatively, the 
actuator can be located adjacent an outer surface 

40 of the first plate. 

The die also can be part of a system for 
automatically controlling the extruded profile of an 
extruded film. This system can include a sensor 
which measures the profile of the film and a con- 

45 troller which communicates with the sensor and 
compares the measured profile to a known target 
profile and signals the actuators to change their 
length to change the profile. Additionally, the die 
can include three or more plates, to extrude two or 

50 more layers, with the slot exit of each layer being 
controllable independently of the slot exit of the 
other layers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

Figure 1 is a perspective view of a known die. 
Figure 2 is a cross-sectional view of a coating 
die of the present invention. 
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Figure 3 is a cross-sectional view of a mul- 
tilayer coating die according to another embodi- 
ment of the present invention. 

Figure 4 is a cross-sectional view of a single 
layer die according to another embodiment of the 
present invention where the clamping bolts tension 
is continuously variable and showing a typical die 
and caliper measurement and control apparatus. 

Figure 5 is a cross-sectional view of an die 
according to another embodiment of the present 
invention. 

DETAILED DESCRIPTION 

Figure 1 shows a section of known coating die, 
an extrusion die 10, showing the common features 
for flexing the die lip to adjust the profile of the 
fluid flow from the die across its width. A flowable 
material is forced to flow into the die body 12, 
which has a first half or top plate 14 and a second 
half or bottom plate 16. The material exits from the 
die slot exit 18 (also known as an orifice) of the slot 
20. The top and bottom plates 14, 16 mate at die 
seats 22, 24. The portions of the die body 12 
adjacent the exit 18 and to the right of the die seat 
22 are known as the top die lip 26 and the bottom 
die lip 28. Known technology uses a plurality of 
mechanical actuators (not shown) to apply pushing 

or pulling forces F tl F 2 , F 3 F n spaced across 

the width of the die. These actuators must phys- 
ically attach to at least one die lip or cause move- 
ment of some physical linkage that bears against 
or is attached to the die lip. Known actuators in- 
clude translating bolts, thermally expanding bolts, 
piezoelectric actuators, magnetostrictive actuators,' 
motor driven actuators, and hydraulic actuators.' 
Movement by these devices changes the exit 18 
size, also called the gap. Non-uniform application 
of the forces can produce local changes in the gap 
in some limited region across the width of the die. 
Because the local flow rate from the exit 18 is 
influenced by the local gap, the material discharge 
rate may be adjusted across the width of the die. 

Figure 2 is a cross section of a die 30 accord- 
ing to one preferred embodiment of the invention. 
The die body 32 includes a top plate 34 and a 
bottom plate 36 which contact each other and 
preferably are clamped tightly together at a front 
seat 38 and a back seat 40 by a plurality of die 
clamping bolts 42 across the width of the die body 
32. The top plate 34 mates on the bottom plate 36 
at the seats 38, 40 to form a slot 44 through the die 
body 32. Flowable material can be forced from the 
interior of the die body through the slot 44. The 
slot 44 terminates and is bounded at its exit 46 by 
top and bottom lips 48, 50 which are the ends of 
the top and bottom die plates 34, 36 to the right of 
the front seat 38. Often an internal cavity 52 inside 



the die body 32 facilitates the spread and flow of 
material from a feed port (not shown) to the slot 44 
across the width of the die. If the cavity 52 is 
present, the die lips are considered to be the plate 
5 extensions to the right of the cavity. 

A cutout 54 is formed in the die plate 36 under 
the back seat 40 of the bottom plate 36 along at 
least part of the width of the die. A plurality of 
actuators 56 are inserted into this cutout 54 be- 
io tween a lower actuator seat 58 and an upper ac- 
tuator seat 60. The actuators 56 can increase or 
reduce their length to move the back seat 40 away 
or toward an actuator seat 58. It is preferred to 
have a one-to-one pairing of actuators 56 and the 
is clamping bolts 42. All the known types of mechani- 
cal moving actuators can be used. The mechanical 
design and materials of construction of the bottom 
plate 36 adjacent and beneath the actuator seat 58 
should be relatively rigid, unyielding, and unmoving 
20 to permit movement of the actuator 56 to move the 
seat 40 with respect to the seat 38. 

When the actuator 56 lengthens, the top plate 
34 at the back seat 40 moves up and pivots around 
the front seat 38 forcing its top lip 48 downward to 
25 close the exit 46 gap. Similarly, when the actuator 
56 shortens, the top plate 34 at the back seat 40 
moves down and pivots around the front seat 38 
forcing its top lip 48 upward to open the exit 46 
gap. Non-uniform application of only some actu- 
30 ators 56 can produce local changes in the exit gap 
in some limited region across the width of the die. 
In this manner, because the local flow rate from the 
exit 46 is influenced by the local gap, the material 
discharge rate can be adjusted across the width of 
35 the die. 

The cutout 54 can be shaped so that the 
clamping force of the die bolts 42 acting through 
the back seat 40 and the upper actuator seat 60 
holds the actuators 56 in compression. An addi- 
40 tional cutout 55 is formed on the top of the bottom 
plate 36 to facilitate the compression. The cutout 
55 is bounded by the two seats 38, 40 and a 
bridge 57. The increase or decrease of the linear 
distance between the actuator seats 58, 60 caused 
45 by the actuators 56 causes changes in the stresses 
through all portions of the plates 34, 36 and bolts 
42, and causes the elastic deformation of these 
pieces. To cause the movement of the top lip 48 
relative to the bottom lip 50 to change die exit gap 
so 46 may require that the bottom plate 36 design 
allow the front seat 38 to deform elastically while 
most of the bottom plate 36 remains stiff and 
relatively unbending. It also requires the die bolts 
to elastically stretch to avoid Impeding movement 
55 of the top plate 34 in response to the movement of 
the actuator 56. Also, the top plate 34 should be 
rigid and stiff enough so that at least some portion 
of the movement of the seat 40 in conjunction with 
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the clamping force of the die bolts 42 causes 
movement of top lip 48 with respect to the bottom 
lip 50 to change the exit 46 gap. 

Alternatively, the actuators 56 can be located in 
cutouts under the front seat 38 (not shown) of the 
bottom plate 36. The actuators 56 can increase or 
reduce their length to move the front seat 38 away 
or toward an actuator seat. When the actuator 56 
lengthens, the top plate 34 at the front seat 38 
moves up to pivot or bend around the back seat 40 
forcing its top lip 48 upward to open the exit 46 
gap. Similarly, when the actuator 56 shortens, the 
top plate 34 at the front seat 38 moves down to 
pivot around the back seat 40 forcing its top lip 48 
downward to close the exit 46 gap. 

In another alternative embodiment (not shown)- 
,the material under the seat 38 at which the ac- 
tuators are not located could be more compressible 
than the surrounding material. This would cause 
the seat to move in response to actuator forces and 
to pivot the plate 34 to vary the exit gap. 

Figures 3-5 show additional embodiments us- 
ing modifications of the die slot exit profile adjust- 
ing system. The operation of these embodiments is 
similar in general principle to that of the Figure 2 
embodiment. Figure 3 shows a die 62 similar to 
that of Figure 2 which has a different clamping 
mechanism and which can simultaneously coat 
multiple layers. Although the die 62 has two slots, 
any number of slots can be used and can have 
varying exit profiles. The die body 64 is made from 
three separate die plates 66, 68, 70. These plates 
are clamped together by a compressive force ap- 
plied through support members 72, 73, and an 
attachment device 75 which applies clamping pres- 
sure between the supports 72, 73. One of the 
supports, the support 73 as illustrated, is somewhat 
flexible so that it may deform locally in response to 
forces applied by actuators. 

A first material is forced from between the die 
plates 66, 68 out through the exit 74 of the slot 76 
from between top and middle lips 78, 80. A second 
material can be simultaneously forced from be- 
tween the die plates 68, 70 out through the exit 82 
of the slot 84 from between middle and bottom lips 
80, 86. The slots 76, 84 are fed from respective 
cavities 88, 90. A front seat 92 is present between 
the top and middle plates 66, 68, and a front seat 
94 is present between the middle and bottom 
plates 68, 70. A back seat 96 is present between 
the top and middle plates 66, 68, and a back seat 
98 is present between the middle and bottom 
plates 68, 70. 

Cutouts 100, 102 are positioned in the plates 
66, 68 beneath the respective back seats 96, 98. A 
plurality of actuators 104, 106 are inserted into the 
respective cutouts 100, 102. The actuators 104, 
106 reside in contact with and between respective 
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lower actuator seats 110, 114 and upper actuator 
seats 108, 112. The upper actuator seats 108, 112 
maintain the actuators 104, 106 in compression by 
the clamping forces applied through the support 
5 members 72, 73. Additional cutouts 116, 118 are 
formed on the top of the middle and bottom plates 
68, 70, respectively, to facilitate the compressive 
loading. 

The actuators 104 are spaced across the width 

w of the middle plate 68 to profile the exit 74 across 
the width of the die. The actuators 106 are spaced 
across the width of the bottom plate 70 to profile 
the exit 82 across the width of the die. The ac- 
tuators 104, 106 may have their length adjusted 

75 manually or automatically in response to an auto- 
matic control system. Similar to the die in Figure 2, 
the cross die gap profile of the exit 74 is controlled 
by the local movements of the seat 96 across the 
width of the die and the cross die gap profile of the 

20 exit 82 is controlled by the local movements of the 
seat 98 across the width of the die. With the proper 
mechanical design, the actuators 104, 106 can be 
made to operate to vary the profile of the exits 74, 
82 almost completely independently of each other. 

25 Less than all of the slot exit profiles can be varied. 
Optimization of the physical dimensions of the var- 
ious components could theoretically minimize the 
effects of changing the exit profile of one slot exit 
on other slot exits. Also, similar to the die of Figure 

30 2, the actuators can be located beneath the front 
seats. 

Figure 4 shows a section of a die 120 accord- 
ing to another embodiment of this invention. A die 
body 122 includes a top plate 124 and a bottom 

35 plate 126. The top and bottom plates 124, 126 
mate at a front seat 128 and a back seat 130 and 
form a slot 132 having an exit 134. The top plate 
124 has a top lip 136 and the bottom plate 126 has 
a bottom lip 138. The top and bottom plates 124, 

40 126 are clamped together by a plurality of die bolts 
1 40 spaced across the width of the die and located 
between the seats 128, 130. Material is forced into 
the die through a port (not shown), is spread 
across the width of the die 120 by a cavity 142, 

45 travels through the slot 132, and is forced to exit at 
the exit 1 34 of the slot. 

Each bolt 140 is tightened so that its head 144 
bears against a rigid washer 146 which bears 
against an actuator 148 which is located under the 

so washer 146. Tightening the bolts 140 during as- 
sembly causes their shafts to be in tension and 
places the washers 146, the actuators 148, and the 
seats 128, 130 in compression. The die plate 126 
can be rigidly fixed to a very rigid mounting plate 

55 153. A cutout 151 leaves a gap between the faces 
150, 152. Activation of the actuators 148 to length- 
en them applies more tension to the bolts 140. This 
pulls the top plate face 150 which is between the 

5 
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seats 128, 130 toward the bottom plate face 152. In 
this embodiment, the actuators are located be- 
tween the seats, rather than at one seat. 

When the actuator 148 is activated to lengthen, 
more tension is applied to the bolts 140, and the 
top plate 124 is deformed toward the bottom plate 
126 between the front and back seats 128, 130. In 
turn, the top lip 136 moves upward as the top plate 
124 elastically bends in response to the greater 
tension. Similarly, when the actuator 148 shortens, 
the top plate 124 moves away from the bottom 
plate 126 between the front and back seats 128, 
130 and the top lip 136 moves downward as the 
top plate 124 elastically unbends in response to the 
lesser tension. 

Alternatively, if the bottom plate 126 were not 
rigidly attached to the mounting plate 153, then the 
application of additional forces via the bolts 140 
would bend the top plate face 150 toward the face 
152 and would also bend the bottom plate so its 
face 152 bends toward the face 150 to cause the 
top lip 136 to move upward and the bottom lip 138 
to move downward. This widens the gap of the exit 
134. Similarly, shortening the actuators 148 applies 
less tension to the bolts 140 and allows the top and 
bottom plates to elastically bend. This causes the 
top lip 136 to move downward and the bottom lip 
138 to move upward to close the exit 134. 

In this manner, by varying the lengthening of 
the actuators 148 across the width of the die 120, 
the exit 134 gap may be varied across the width of 
the die to correct flow rate variation. The actuator 
can be a cylindrical piezoelectric actuator with a 
hole 154 through the center to allow the bolt 140 to 
pass through it. Actuators of this type can be 
manufactured by Kinetic Ceramics of Hayward, 
California. Alternatively, the actuator could be an 
integral part of the bolt or could be any mechanism 
that produces variation of the tension in the clamp- 
ing bolt shaft. The degree of bending of each die 
plate 124, 126, in response to clamping bolt ten- 
sion and the amount of movement of the die lips 
depends upon the geometry and materials of con- 
struction of the plates. Other clamping mechanisms 
may be used instead of bolts to cause bending to 
one or both of plates 124, 126 between the seats 
128, 130 to move the die lips relative to each other. 

Figure 4 also shows the overall apparatus 
which operates automatically to control the ex- 
truded profile of a plastic film across the width of 
the single layer die 120. The material is forced 
from the exit 134 as a continuous ribbon 156 which 
extends across the width of the die. The ribbon 156 
then contacts a cooling roll 158 upon which it 
solidifies to form a film 160 which is pulled past a 
caliper sensor 162. The sensor 162 measures the 
caliper profile across the width of the film 160 and 
sends this information to a controller 164 through 
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wires 166. The controller 164 compares the mea- 
sured profile to a known target profile. Corrective 
adjustment signals are produced by the controller 
164 and sent through wires 168 to the actuators 
5 148 spaced across the width of the die 120. The 
actuators 148 then change length each according 
to its own signal from the controller 164, usually by 
differing amounts across the width of the die. This 
moves the die lips 136, 138 and changes the exit 
io 134 gap across the width of the die. These 
changes change the local plastic flow rate across 
tho width of the die. 

Figure 5 illustrates another clamping mecha- 
nism used with a die 170 in which actuators are 
15 located between the seats 180, 178. The die body 
172 includes a top plate 174 and a bottom plate 
176. The top and bottom plates 174, 176 mate and 
are clamped together at a front seat 178 and a 
back seat 180 and form a slot 182 having an exit 
20 184. The top plate 174 has a top lip 186 and the 
bottom plate 176 has a bottom lip 188. Material is 
forced into the die through a port (not shown), is 
spread across the width of the die 170 by a cavity 
190, passes through the slot 182, and is forced to 
25 exit at the exit 1 84. 

Actuators 192 are spaced across the width of 
the die 170 and are located between a mounting 
structure 194 and the top die plate 174. A plurality 
of these actuators 192 are spaced across the width 
30 of the die 170. They are located to apply a com- 
pressive bending force to the top plate 174 be- 
tween the seats 178, 180. 

Activation of the actuators 192 to lengthen 
them applies more force to the top plate 174. This 
35 pushes the top plate face 196 which is between the 
seats 178, 180 toward the bottom plate face 198, 
which is between the seats 178, 180 and which is 
recessed within the bottom plate 176. This bends 
the top plate 174 so that its bottom side is bent to 
40 become relatively more convex or less concave, 
depending on its initial state. This moves the top 
lip 186 upward and causes the exit 184 gap to 
increase. Similarly, shortening the actuators 192 
applies less force to the top plate 174. This causes 
45 the bending of the top plate 174 to cause the exit 
184 gap to decrease. In this manner, by varying 
the length of the actuators 1 90 across the width of 
the die 170, the slot exit 184 gap may be varied 
across the width of the die 170 to correct flow rate 
so variations. The preferred actuator 192 would pro- 
vide both manual coarse adjustment of length and 
fine length adjustment in response to an automatic 
control system. 

The use of movement of a die seat to produce 
55 movement of die lips or the bending of die plates 
between the seats to produce movement of the die 
lips can be used singularly or in combination with 
other known methods of moving die lips to produce 



6 



11 



EP 0 662 386 A1 



12 



exit gap changes. Many different types of control 
systems can produce corrective action of the ac- 
tuators. All of the systems currently used for ac- 
tuators directly linked to die lips in known auto- 
matic methods can be used. 

Although the invention has been described and 
claimed using the terms upper, lower, top, and 
bottom to refer to various components, the orienta- 
tion of the components can be changed and the 
dies can be at any orientation. 

Claims 

1. Method of controlling the slot exit gap of a die, 
wherein the die comprises a first plate (34,36) 
having a lip (48,50), and a second plate 
(36,34) having a lip (50,48) and contacting the 
first plate at first and second locations, wherein 
the second location is further from the lips than 
the first location, to form a first slot (44) 
through the die which terminates and is boun- 
ded at its exit (46) by the first and second lips, 
wherein the method comprises the step of 
deforming at least one of the first and second 
plates (34,36) at or between the first and sec- 
ond locations thereby to change the first exit 
gap. 

2. Method according to claim 1, characterized in 
that the deforming step comprises applying a 
force to one of the first and second plates 
(34,36) to bend at least one of the plates. 

3. Method according to claim 1 or 2, character- 
ized in that the deforming step comprises ap- 
plying a force to one of the first and second 
plates (34,36) to pivot at least one of the plates 
around one of the first and second locations. 
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- a second plate (36,34) having a lip 
(50,48) and contacting the first plate at 
first and second locations, wherein the 
second location is further from the lips 
than the first location, to form a first slot 
(44) through the die which terminates 
and is bounded at its exit (46) by the first 
and second lips, 

- means (42) for holding the first and sec- 
ond plates together and 

- first means for deforming at least one of 
the first and second plates (34,36) at or 
between the first and second locations 
thereby to change the first exit gap. 



8. Die according to claim 7, characterized in that 
the first deforming means comprises at least 
one actuator (56) located between the first and 
second locations (38,40), wherein the first and 

20 second plates (34,36) have front and back 

seats (38,40) with respect to the fluid direction 
within the first slot (44) and at the respective 
first and second locations, wherein the actuator 
(56) can increase or reduce its length to bend 

25 one of the first and second plates (34,36) ar- 

ound the front seat. 

9. Die according to claim 7 or 8, characterized in 
that the first deforming means comprises a 

30 plurality of actuators (56), and that the holding 

means (42) comprises a corresponding num- 
ber of discrete clamping devices (42), wherein 
the actuators (56) are independently and non- 
uniform^ operable to produce local changes in 

35 the first exit gap (46) in some limited region 

across the width of the die to adjust the ma- 
terial discharge rate across the width of the 
die. 



4. Method according to any one of claims 1 to 3, 
characterized in that the deforming step com- 
prises applying a force at a plurality of loca- 
tions along the width of the die to produce 
independent local changes in the exit gap in 
some limited region across the width of the 
die. 

5. Method according to any one of claims 1 to 4, 
characterized in that the deforming step com- 
prises applying force from within the die. 

6. Method according to any one of claims 1 to 5, 
characterized in that the deforming step com- 
prises applying force from outside the die. 

7. Die for use in the method of claim 1 compris- 
ing 

- a first plate (34,36) having a lip (48,50), 



40 10. Die according to any one of claims 7 to 9, 
characterized in that one plate has a first 
cutout (54) formed at one of the first and 
second locations, that the first deforming 
means is located in the first cutout, and that 

45 the first cutout (54) can be shaped to cause 

the force of the holding means (42) to hold the 
first deforming means in compression. 

11. Die according to any one of claims 7 to 10, 
so characterized in that the first deforming means 

comprises an actuator (56) located adjacent an 
outer surface of the first plate between the 
outer surface and a portion of the holding 
means (42), and the holding means (42) com- 
55 prises at least one of a bolt (42), wherein the 

actuator (148) is an integral part of the bolt 
(144) and can be located in a manner to apply 
tension when activated, and a support member 
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(72) and means for applying a compressive 
force through the support member. 

12. Die according to any one of claims 7 to 11, 
characterized by means for automatically con- 5 
trolling the extruded profile of an extruded film 
across the width of the die, wherein the con- 
trolling means comprises a sensor (162) which 
measures the profile of the film and a control- 
ler (164) which communicates with the sensor 10 
and compares the measured profile to a known 
target profile and signals the actuators to 
change their length to change the profile. 

13. Die according to any one of claims 7 to 12, 15 
characterized by a third plate (70) having a lip 

(86) and contacting the second plate (68) at 
the first and second locations to form a second 
slot (84) through the die which terminates and 
is bounded at its exit by the second and third 20 
lips (80,86), second means for deforming at 
least one of the second and third plates at or 
between the first and second locations thereby 
to change the second exit gap, and means for 
holding the second and third plates together, 25 
wherein one of the second and third plates has 
a second cutout (102) formed at the same one 
of the first and second locations corresponding 
to the first cutout (100) and wherein the sec- 
ond deforming means is located in the second 30 
cutout, and wherein the holding means com- 
prises a support member (72) and means for 
applying a compressive force through the sup- 
port member. 

35 
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